Abstract: Acinetobacter baumannii is one of the most important antibiotic-resistant nosocomial bacteria. We investigated changes in the clinical and molecular epidemiology of A. baumannii over a
INTRODUCTION
A cinetobacter baumannii has become one of the most significant antibiotic-resistant bacteria causing nosocomial infections worldwide. 3, 7 From an epidemiologic point of view, its most remarkable features as a nosocomial pathogen are its ability to survive in the hospital environment and to develop resistance to multiple antimicrobial agents. Although typical clonal outbreaks associated with a common environmental reservoir have often been described, 34 the situation in many hospitals is much more complex. In these situations, the epidemiology of A. baumannii may be difficult to decipher because sporadic and epidemic clones, as well as different reservoirs (including environmental ones and colonized patients), may coexist, challenging the efficacy of infection control measures. 1, 24 Until now, the intensive care units (ICUs) have been regarded as the epicenters of the epidemiology of A. baumannii 7, 34 ; nevertheless, spreading to conventional wards does occur, 21 and in some areas, longterm care facilities have recently been shown to play an important role. 22, 29 Better knowledge of the current situation and of the clinical and molecular epidemiology of A. baumannii among hospitals will be helpful for designing useful infection control strategies for different centers.
From a clinical point of view, A. baumannii is usually considered to be a pathogen with limited virulence, although invasive infections are associated with increased morbidity and mortality in predisposed patients. 11, 18 This is probably related to the very limited therapeutic alternatives active against this pathogen, a situation which worsened with the rapid spread of extremely drug-resistant isolates. 15 However, most of the available information applies to specific types of infection or to patients admitted to certain wards, so that the overall clinical importance and features of health care-associated A. baumannii infection is not as well described. 23 Recent changes in the epidemiology make it necessary to reappraise the clinical features and impact of A. baumannii infections in the various populations affected.
In 2000, we performed a multicenter study in Spain to investigate the epidemiology of A. baumannii and the clinical features of infections caused by this pathogen. 4, 13, 25 We repeated the study in 2010, with the main objective of updating the information and analyzing the changes occurred during this 10-year interval. We specifically compared epidemiologic determinants (including rates, type of wards affected, acquisition types, and predisposing factors), clinical features (such as sources and severity of infections, therapy, outcomes, and microbiologic determinants (antimicrobial susceptibility and clonality) between the 2 periods. As a secondary objective, we investigated the epidemiologic and clinical implications of specific clonal groups of A. baumannii.
METHODS

Study Design, Sites, and Participants
Two prospective multicenter, hospital-based cohort studies were performed, using the same methodology, which included all new patients infected or colonized by A. baumannii. The first ("2000 cohort") was carried out from November 1 to November 30, 2000, in 27 acute care hospitals in Spain (patients from a specialized center for paraplegic patients were excluded from this analysis); 14 of these were teaching hospitals and 21 had ³500 beds. Data from this cohort have been published previously. 3, 13, 25 The second ("2010 cohort") study was undertaken in 38 Spanish acute care hospitals between February 1 and March 31, 2010; 23 were teaching hospitals and had ³500 beds. Twenty-two centers participated in both studies.
Patients from whom A. baumannii was isolated from any clinical sample were prospectively included in the cohorts, as detected daily by reviewing the microbiology reports in the participating centers. Active surveillance samples (such as samples performed to detect colonization for infection control purposes) were not considered. Patients were excluded if colonized or infected by A. baumannii during the previous year. All patients were followed for 30 days after isolation of the A. baumannii.
The study was approved by the Ethics Committee of the Hospital Universitario Virgen Macarena. The need to obtain informed consent was waived due to the observational nature of the study.
Variables and Definitions
The following data were collected: age, sex, type of acquisition, ward of admission, chronic underlying conditions, severity of the underlying condition according to the McCabe classification, 20 invasive procedures, antibiotic use in the previous 2 months, infection or colonization and type of infection, according to CDC criteria, 16 hospital stay before and after isolation of A. baumannii, therapy, and 30-day allcause mortality. It should be noted that isolating the pathogen in a clinical sample together with the presence of clinical signs of infection were not sufficient to regard the patient as infected by A. baumannii; other sources of infection had to have been ruled out, and quantitative or semi-quantitative culture results were taken into account for urine samples, tracheal aspirates, bronchial brushes, bronchoalveolar lavages and catheter tips. When it was not possible to identify whether the status of the patient was infected or colonized, the patient was considered to be only colonized. Severity of systemic inflammatory response was classified as sepsis, severe sepsis or shock, using standard definitions. 19 Acquisition was classified as nosocomial or community, according to conventional CDC definitions 16 ; community acquisition was considered health care associated if any of the following was demonstrated: hospital admission during the previous year; and/or attention at a day hospital, specialized care home, or dialysis in the previous 3 months. Hospital wards were classified as ICUs, medical wards or surgical wards. Medical treatments were chosen by physicians in charge of the patients.
Microbiologic Studies
All isolates, presumptively identified as Acinetobacter species at each center using conventional phenotypic and/or biochemical methods, were sent to the reference laboratories for definitive identification with ARDRA analysis, 31 and, for 2010 isolates, also with MALDI-TOF (Microflex LT; Bruker Daltonics GmbH, Leipzig, Germany). Only patients whose isolates were definitively identified as A. baumannii were included. At the reference laboratory, microdilution susceptibility testing was performed, according to the recommendations of the Clinical and Laboratory Standards Institute. 5 For sulbactam, tigecycline, and rifampin, isolates with an MIC of 8, 1, and 4 mg/L, respectively, were considered as susceptible. 12 Pooled susceptibility data for all A. baumannii isolates (including repeat isolates from the same patients) have been reported previously 12 ; here we included only the first isolate obtained from each patient.
Clonal relationships between the first isolates obtained from each patient were determined by repetitive extragenic palindromic polymerase chain reaction (REP-PCR), in conditions reported previously. 32 Representative strains of each REP-PCR profile at each hospital were also studied by pulsed-field gel electrophoresis (PFGE), 28, 30 using FPQuest II software version 4.5 (Bio-Rad) to analyze the band patterns, and by multilocus sequence typing (MLST), following the protocol developed by the Pasteur Institute (Paris, France). Isolates of the same REP-PCR and PFGE types were assigned the sequence type (ST) found for the representative isolate studied by MSLT.
Statistical Analysis
Overall, the data are analyzed in terms of the whole set of hospitals (WSH) and of hospitals that participated in both studies (HPBS). The incidence density rates are provided as number of new cases per 1000 patient-days, and compared by Poisson regression modeling. Categorical variables are described as percentages, and continuous variables as medians and interquartile ranges. Proportions were compared using the chi-square test or the Fisher exact test as appropriate, and continuous variables using the Mann-Whitney U test. To control for confounders, multivariate analysis was performed using logistic regression. Variables with a univariate p value <0.1 were included, and selected using a stepwise backward procedure.
RESULTS
Incidence Rates
Overall, 246 patients with colonization or infection due to A. baumannii were detected in 30 of the 38 hospitals included in the 2010 cohort; in the 2000 cohort, 183 patients were detected in 25 of 27 acute care hospitals taking part. The incidence density rates of A. baumannii colonization/ infection in 2000 and 2010 across the WSH are shown in Table 1 . Overall, the incidence density rate decreased, particularly in surgical services and intensive care units, while it significantly increased in medical services. For HPBS, the rate decreased significantly in 8 hospitals but increased in 1. As regards changes in specific types of ward, the results were similar to those described for the WSH.
Predisposing Factors, 2010 vs 2000
To investigate potential changes in the epidemiology of A. baumannii, we compared the frequency of exposure to predisposing conditions of patients in the 2000 and 2010 
The most frequently used drugs in 2000 for the definitive treatment of patients with A. baumannii infections were carbapenems and, in 2010, colistin (see Table 4 ). A significant increase in the percentage of patients treated with colistin and rifampin was noted in 2010, while the use of carbapenems and aminoglycosides was reduced. Tigecycline was used to treat a significant proportion of 2010 episodes, but was not used for purposes of comparison, since it was unavailable in 2000. Among HPBS patients, and after controlling for site of infection and severity of systemic inflammatory response, the probability of being treated with carbapenems or aminoglycosides in 2010 was lower (odds ratio There were no differences between the 2 periods in terms of crude mortality or length of hospital stay after infection (see Table 4 ).
A. baumannii Infections According to Ward of Admission
To outline the clinical features of A. baumannii infections, we used pooled data from the 2000 and 2010 studies for the WSH. A. baumannii was more frequently associated with infection among ICU patients (135/211, 63.9%) compared to patients admitted to medical (56/106, 52.8%) or surgical wards (54/102, 52.9%) (p < 0.05 for both comparisons). The most frequent sites of infection in ICU patients were pneumonia (56%), tracheobronchitis (15%), and intraabdominal infections (7%), and among patients admitted to medical and surgical wards the most frequent sites were skin and skin structure infections (27% and 50%, respectively), urinary tract infections (23% and 17%), and pneumonia (23% and 11%). Crude mortality was higher in ICU patients than among medical or surgical patients (28% vs. 17% and 9%; p < 0.05). Of patients admitted to medical and surgical wards, 38% and 29%, respectively, had previously been admitted to the ICU.
Acquisition was considered as non-nosocomial but health care associated in 38 patients (35 in 2010, 3 in 2000; see Table 2 ); all these patients had chronic underlying conditions and previous specialized health care contact; 31 had been previously hospitalized, 10 were residents of nursing homes, 6 were receiving hemodialysis, and 2 attended a day-hospital (several had more than 1 of these expositions). Twenty-three (60.5%) were considered to be infected, and types of infections were pneumonia (6 patients), tracheobronchitis, 2 soft tissue infections (9, mostly secondary to chronic ulcers), urinary tract infections, 2 and others. 4 
Molecular Epidemiology and Susceptibility of A. baumannii Isolates
Using a highly discriminatory molecular typing technique such as REP-PCR, a wide clonality was evident. Concerning the isolates from the WSH, 68 REP-PCR different profiles were in 2010, and 40 profiles (16.2%) were made up of just 1 isolate. This was very similar to the situation in the acute care hospitals in 2000 (62 profiles among 183 isolates, 41 of them made up of just 1 isolate). The isolates obtained from 28 of the 38 patients (73.6%) with non-nosocomial acquisition showed a close clonal relationship to at least 1 other isolate obtained from a Regarding the isolates from the HPBS, the evolution of the predominant STs was as follows. The proportion of ST2 isolates increased from 42. The susceptibility data of all isolates by study period, and of ST2, ST79, and sporadic isolates (for example, each causing 3 cases or less) in the HPBS are shown in Table 5 . Overall, A. baumannii isolates were less frequently susceptible to ceftazidime, imipenem, and colistin and more frequently susceptible to gentamicin and tobramycin in 2010 compared to 2000; ST2 and ST79 were less frequently susceptible to ceftazidime, ciprofloxacin, and tobramycin, compared to sporadic isolates, with ST2 also being less susceptible to imipenem, tobramycin, and amikacin. ST2 and ST79 isolates were more frequently susceptible to imipenem in 2000 compared to 2010 (25.8% vs. 10.8%, p ¼ 0.01 for ST2; and 78.6% vs. 20.5%, p ¼ 0.006 for ST79), with the opposite being true with gentamicin (19.7% vs. 39.8%, p ¼ 0.008 for ST2; and 7.1% vs. 41.7%, p ¼ 0.06 for ST79). Differences among other antibiotics were not significant.
The epidemiologic and clinical features of patients harboring ST2 and ST79 isolates were compared with those of patients with sporadic sequence types. Univariate comparisons are shown in Table 6 . The multivariate analysis of factors predisposing to acquisition of ST2 or ST79 is shown in Table 7 . As regards outcome, sepsis and severe sepsis/septic shock were more frequent among patients with ST2 isolates; there were no differences in mortality (see Table 6 ). After adjusting for age, ICU admission, site of infection, and severity of underlying condition, ST2 isolates remained associated with an increased risk of sepsis (OR, 4.13; 95% CI, 1.28-13.36; p ¼ 0.01), but 
DISCUSSION
The current study provides comprehensive information about the general clinical and molecular epidemiology of A. baumannii, its clinical features, and the changes that occurred over a 10-year interval in a wide sample of Spanish hospitals.
Of note, the incidence density rate of A. baumannii decreased; this was specifically associated with lower rates in the ICUs, which could be linked to more active infection control in this kind of unit. Nonetheless, incidence density increased in medical services, which, together with the molecular typing data, indicates that, in many hospitals, this organism is now spreading within medical wards. Molecular typing showed that some clones are spreading from patients who acquired the organism in the ICU and were then transferred to a medical ward, and also that epidemic clones were found exclusively in medical or surgical wards in more hospitals than was expected, suggesting that these wards are now primary reservoirs for them. The influx and spread of A. baumannii clones from the ICU to conventional wards has been shown previously in specific centers, and was suspected in a study including 3 hospitals in Israel where molecular typing was not performed 21 ; to our knowledge, the current study is the first to use molecular typing techniques across a wide sample of centers in order to demonstrate the magnitude of the influx. The spread of epidemic clones to conventional wards represents a significant challenge for infection control activities, since the reservoirs in these wards may be diverse, including environmental surfaces and colonized patients; in situations of this complexity, only a comprehensive "bundle" approach to interventions maintained over long periods of time may be successful. 2, 26 It is worth mentioning that, according to a recent survey, infection control measures against A. baumannii are not applied uniformly, particularly in non-ICU wards.
14 Physicians attending patients in medical and surgical wards should be aware that skin and skin structure and urinary tract infections are the most frequent infections caused by A. baumannii in those wards, rather than pneumonia, which is the infection most frequently found in ICU patients.
Another aspect of interest is the significant increase in nonnosocomial cases. Both clinical epidemiology and molecular data suggest that the organism was acquired during previous contact with the health care system. Significantly, some of these patients were residents in long-term care centers. Recently, in specific areas, nursing homes and post-acute care facilities have been seen to play an important role in the epidemiology of A. baumannii, 22, 29 which increases the complexity of controlling it when this kind of center is involved. 6 With regard to predisposing factors, we found some important changes in previous exposure to antibiotics. In 2010, more patients had previously received piperacillin/ tazobactam or carbapenems and fewer had received cephalosporins or aminoglycosides; this could be due to changes in the epidemiology of resistance among gram-negative bacilli, and particularly the spread of extended-spectrum beta-lactamase-producing Enterobacteriaceae. 27 Also, some of these changes in antimicrobial exposure were consistent with the fact that 2010 isolates were more frequently resistant to carbapenems and less frequently to aminoglycosides, as previously reported. 12 Significant changes in the treatment of A. baumannii infections were noted as a result of the increase in the rate of carbapenem resistance (which is probably associated with the spread of ST2); colistin has replaced carbapenems as the most frequently used drug. Tigecycline is frequently used now, usually in combination, which may explain the reduced use of aminoglycosides. In addition, rifampin or sulbactam was used to treat some patients in 2010. Whether combination therapy is more effective is a controversial issue; a recent randomized controlled trial found that colistin plus rifampicin was not superior to colistin alone, although the rate of eradication was higher. 10 It is noted that the dose used in that trial (2 MU bid) was lower than the dose recommended now (3 MU bid after a loading dose). These data indicate an urgent need for new studies and new drugs.
A wide clonal diversity was found when studied by REP-PCR, a highly discriminatory technique, which was useful to evaluate transmission within specific areas in each period. However, MLST, a technique used to investigate the longterm evolutionary relationships of organisms, showed a single predominant clonal group, ST2, which included >50% of the isolates. These results were very similar to those obtained in a previous study of 729 epidemic strains received by the Spanish reference laboratory for the molecular investigation of outbreaks (Centro Nacional de Microbiolog ıa, Instituto de Salud Carlos III) between 1997 and 2007.
33 ST2 corresponds to the clone known as international clone II, the most prevalent in other countries of southern Europe. 8, 9 These results underline the importance of using highly discriminatory techniques, such as REP-PCR or PFGE, for short-term investigations of the local epidemiology of A. baumannii, while MLST provides a comprehensive view of the epidemiology in wider scenarios. Our results suggest that ST2, associated with increasing carbapenem resistance, is spreading further, and, in fact, the overall increase in carbapenem resistance seems to be related to the development of resistance in strains belonging to the dominant clonal groups, ST2 and ST79. Of note, although more studies would be needed, exposure to fluoroquinolones seems to be associated with an increased risk of harboring an ST2 isolate. The prudent use of fluoroquinolones may therefore be regarded as an extra measure for avoiding the further spread of ST2.
Finally, ST2 was associated with an increased risk of sepsis (although not of severe sepsis or septic shock). Because it is difficult to control for all potential confounders, we cannot assign ST2 greater clinical virulence. As this clonal group is associated with increased antimicrobial resistance, it suggests that the further acquisition of resistance genes gives ST2 a survival advantage, and at least it did not reduce the clinical virulence, probably due to the genomic plasticity of A. baumannii.
17
The current study has some limitations. First, although both 2000 and 2010 studies included a large number of hospitals, they are not representative of Spanish hospitals as a whole, and not all centers took part in both studies. Second, since the study periods were of limited duration, the number of cases from some hospitals was low; also, the studies were performed during different months so that seasonality may have had some influence. Finally, it was sometimes difficult to decide whether the patients were colonized or infected, despite the careful application of clinical and microbiologic criteria. The strengths of our study include the fact that it was prospective and multicenter in nature, reference techniques were used to identify A. baumannii, and clinical data were integrated with molecular typing.
In conclusion, some important changes were noted in the epidemiology of A. baumannii. First, a reduction in the ICU rates or an increase in the acquisition in conventional wards (particularly in medical units) and in non-nosocomial, health care-associated infections was evident. Second, some changes in the predisposing features of the patients were noted, with a decrease in the exposure to some invasive procedures and an increase in previous use of carbapenems, which is probably related to the fact that carbapenem-resistance also significantly increased. And third, colistin has replaced carbapenems as the cornerstone of therapy, but resistance to colistin is increasing. Finally, a successful clonal group was shown to be responsible for about half of infections, and it seems to combine antimicrobial resistance and the ability to spread, while maintaining its clinical virulence.
